Abstract. Anterior cervical discectomy and fusion (ACDF) and cervical disc arthroplasty (CDA) are the most commonly used procedures in cervical spondylosis. However, only a few published studies exist in the literature comparing these two operation types, particularly its mid-term efficacy and safety. Furthermore, in those studies, even large sample trials, when compared, have elicited controversial results, making it inconvenient for clinicians to refer to them. The aim of the present study was to clarify the advantages and shortcomings of the two procedures. Articles indexed in the PubMed, Web of Science, Cochrane Library, EMBASE, China Biological Medicine and China National Knowledge Infrastructure (CNKI) databases, as of March 2016, that met our criteria were searched. A total of 18 trials involving 3,040 patients were included in our final analysis. The most important results drawn from the present analysis were as follows: Insignificant differences were identified in the blood loss [weighted mean difference (WMD)=6.23; 95% confidence intervals (CI), -0.85 to 13.32; P=0.08], surgical time [standardized mean difference (SMD)= 0.40; 95% CI, -0.01 to 0.82; P= 0.06], the time of hospital stay (SMD= 0.05; 95% CI, -0.28 to 0.37; P= 0.77) and the total complications rate [odds ratio (OR)= 0.86; 95% CI, 0.66 to 1.13l; P= 0.28] on a comparison of the two operation methods. By contrast, comparing CDA with ACDF, the CDA had higher Short Form survey (SF-36) scores (WMD=1.65; 95% CI, 0.61 to 2.69; P= 0.002), a larger range of motion in the operation level (SMD=6.53; 95% CI, 3.89 to 9.17; P<0.0001), a higher rate of neurological improvement following the operation (OR=1.80; 95% CI, 1.29 to 2.52; P= 0.0006), a lower Visual Analog Scale (VAS) score of neck pain (WMD= 0.16; 95% CI, -0.28 to 0.05; P=0.006) and arm pain (WMD= 0.12; 95% CI, -0.24 to -0.01; P= 0.04). In addition, in the mid-term following the surgery, CDA had a lower Neck Disability Index (NDI; SMD= 0.18; 95% CI, -0.28 to -0.07; P=0.001) and a lower reoperation rate of adjacent levels (OR= 0.54; 95% CI, 0.35 to 0.85; P= 0.007) compared with ACDF. Taken together, these results suggested that CDA and ACDF are efficient and safe methods for dealing with cervical spondylosis. However, with respect to certain specific indicators, such as the reoperation rate of adjacent levels following surgery, the former has several advantages.
Introduction
Cervical spondylosis is a degenerative disc disease. It has been reported that it may be identified in the majority of people aged over 50 years, and the most prevalent symptom of cervical spondylosis is pain in the neck and/or arms in China (1) . Furthermore, the neck or arm pain caused by cervical spondylosis has become a worldwide health problem (2) . In the USA, ~14% of adults aged ≥18 years have experienced or suffered from neck pain over the course of the last few months (3) .
Anterior cervical discectomy and fusion (ACDF) has been widely used in clinical practice, and is accepted as the standard procedure in the treatment of cervical spondylosis. As one of the most important procedures in the treatment of cervical degenerative disease, it has the effect of not only relieving the spinal cord and the nerve roots' pressure, but also of reinforcing the stability of the cervical vertebrae. However, with the increased number of total operations being performed and the accumulation of follow-up information over time, several studies have reported certain adverse effects, including higher reoperation rates at adjacent levels (4, 5) .
In 1966, Fernström (6) first introduced cervical disc arthroplasty (CDA) as an operational method in the treatment of cervical spondylosis, and it has been gradually accepted as an alternative and effective approach in the treatment of cervical spondylosis. However, over time, several studies have indicated certain untoward adverse effects resulting from this procedure, including increased neck and/or arm pain following the operation and heterotopic ossification (7, 8) .
As the most commonly used procedures in cervical spondylosis, only a few studies have been published which compare Mid-term efficacy and safety of cervical disc arthroplasty versus fusion in cervical spondylosis:
A systematic review and meta-analysis these two operation types, particularly with respect to their mid-term efficacy and safety. In these studies, even large sample trials have generated controversial results with respect to each other (9,10), making it inconvenient for clinicians to refer to them. Therefore, the aim of the present study and systematic review was to assess the advantages and shortcomings of the two operational methods, CDA and ACDF.
Materials and methods
Search strategy and selection criteria. According to the method of Cochrane guidelines (Cochrane Handbook for Systematic Reviews of Interventions, version 5.1.0; see www.handbook.cochrane.org), the electronic databases, PubMed, Web of Science, Cochrane library, EMBASE, the China Biological Medicine and China National Knowledge Infrastructure (CNKI), were carefully searched. Up to March 2016, the randomized controlled trials (RCTs) and prospective comparative trials (PCTs), including all languages that compared ACDF and CDA, were selected. The Boolean terms 'AND, 'OR' and 'NOT' were introduced to combine the key words, including 'anterior cervical discectomy and fusion', 'cervical disc arthroplasty', 'cervical spondylosis', 'mid-term efficacy', 'randomized controlled trial', 'prospective comparative trials', 'systematic review', 'cervical osteoarthritis', 'disease of vertebrae cervicales', 'fusion', 'arthrodesis', 'spine fusion', 'cervical disc replacement', 'degeneration disc disease', 'PCT', 'CDA', 'ACDF', 'RCTs' and 'PCTs'. Inclusion criteria were as follows: RCTs and PCTs in all languages that compared CDA with ACDF in the treatment of cervical osteoarthritis; either gender (male or female); the patient was aged 18 years or above with cervical osteoarthritis; there was at least 24 months' postoperative follow-up; and at least one of the following indexes were included: The Short Form survey (SF-36) score, range of motion (ROM) in the operation level, Visual Analog Scale (VAS) of neck and/or arm pain, Neck Disability Index (NDI), the reoperation rate of adjacent levels following surgery, the rate of neurologic improvement, surgical parameters (age of patients, blood loss, hospital stay and surgical time) and the total complication rate.
Exclusion criteria were as follows: Infection, presentation of bone tumors for CDA/ACDF surgical treatment, non-RCTs or non-PCT trials, severely cervical spinal stenosis, and reoperation cases.
Assessment of the studies' quality. Following the Cochrane collaboration guidelines (Cochrane Handbook for Systematic Reviews of Interventions version 5.1.0), the quality of the studies was independently assessed by two authors. The quality of these trials was assessed in seven aspects, including selection bias (predominantly to judge the generation of random sequence and allocation concealment), performance bias (to evaluate the blinding of participants and personnel) and attrition bias (to evaluate the degree of the incomplete outcome data), together with other biases.
Combination data and meta analysis. Review Manager (RevMan) 5.2.0 software was used to analyze the data. The predominant outcomes extracted from these trials were as follows: Age of the patients, blood loss, SF-36 score, VAS of neck and/or arm pain following the surgery, ROM at the operation level, NDI following surgery, and the reoperation rate of adjacent levels following surgery.
The heterogeneity was assessed using the chi-square test and I-square statistics (11) . Fixed effect models (P<0.01, I 2 ≤50%) were used when there was insignificant heterogeneity; otherwise, the random effect models (when P≤0.01, I 2 >50%) were applied. Odds ratio (OR; relative risk) combined with 95% confidence intervals (CIs ) was used to describe the data of binary variables. For the continuous variables, the weighted mean difference (WMD or standard mean difference (SMD) with 95% CIs were applied. Begg's and Egger's tests (12, 13) using Stata version 12.0 software (StataCorp, College Station, TX, USA) were introduced to test the publication bias of the main marker of the reoperation rate of adjacent levels following surgery. Sensitivity (14) and cumulative (15) analyses were also performed to assess the stability of the main indicators. P<0.05 was considered to indicate a statistically significant value.
Results
Results of the included online searches and their quality evaluation. According to the search strategies previously undertaken by our group, 726 articles were selected first of all. In accordance with the exclusion and inclusion criteria, as specified above, two authors read the titles and abstracts independently. A total of 12 RCTs (9,10,16-25) and six PCTs (26-31), including 3,040 patients (1,588 treated with CDA and 1,452 with ACDF) were finally included in the present systematic review (Fig. 1) .
The Cochrane Collaboration rating system was used to evaluate the risks of the included trials. There were seven evaluation indexes, each of which had three levels, according to this rating system: Low risk (denoted with '+'), high risk (denoted with '-'), and unclear risk (denoted with '?'). The results are shown in Figs. 2 and 3 .
Age of the patients and the blood loss during the surgery. Of the studies that were included, five of the trials reported detailed data of the patients, including the standard deviation (SD) and the mean of the ages. The combined results indicated that the differences between two groups were not statistically different (WMD= 0.96; 95% CI, 2.10 to 0.17; P= 0.10). In addition, no significant differences were identified for the heterogeneity tests (I 2 =0%; P=0.77), as shown in Fig. 4 . The volume of blood loss during the operation was assessed in six trials. From the combing results, no statistical significance was observed with the WMD (WMD=6.23; 95% CI, 0.85 to 13.32; P= 0.08), and moderate heterogeneity was identified among the trials (I 2 =38%; P=0.15) (Fig. 4) .
Operation time and hospital stay. Six trials provided the necessary data on the mean operation time and the SD. The overall estimate revealed no significant difference for the two procedures with respect to this indicator (SMD=0.40; 95% CI, -0.01 to 0.82; P= 0.06). The heterogeneity of the studies was determined to be significant (I 2 =81%; P<0.0001), as shown in Fig. 5 .
Adequate data concerning the hospital stay were available in five of the studies, and the comprehensive statistics revealed no significant differences between CDA and ACDF (SMD= 0.05; 95% CI, -0.28 to 0.37l P= 0.77), although there was moderate heterogeneity between them (I 2 =73%; P=0.005), as shown in Fig. 5 .
SF-36 score and VAS score following surgery at a mid-term follow-up. SF-36 scores were available in six of the studies with at least 24 months' follow-up. The overall results indicated that the CDA group had the higher SF-36 scores (WMD=1.65; 95% CI, 0.61-2.69; P=0.002). The heterogeneity between these studies was moderate (I 2 =34%, P=0.18), as shown in Fig. 4 . A VAS score of neck pain with at least 24 months' follow-up following the operation was identified from ten trials, and the comprehensive statistics indicated that the CDA procedure had the lower VAS score of neck pain (WMD= 0.16; 95% CI, -0.28 to -0.05; P= 0.006), and that moderate heterogeneity was observed between the CDA and ACDF groups (I 2 =38%; P=0.11), as shown in Fig. 4 .
Nine trials were concerned with the VAS scores of arm pain with at least 24 months' follow-up, and the pool statistics revealed that the CDA procedure was associated with less arm pain (WMD=-0.12; 95% CI, -0.24 to -0.01; P=0.04) with moderate heterogeneity observed between the CDA and ACDF groups (I 2 =46%; P=0.06), as shown in Fig. 4 .
NDI and ROM at the operational level at a mid-term follow-up. Data regarding the NDI on a mid-term follow-up (at least 24 months' follow-up) following the surgery were available in 14 of the trials. The comprehensive statistics showed that CDA had the lower NDI (SMD=-0.18; 95% CI, -0.28 to -0.07; P= 0.001). Furthermore, the heterogeneity between the CDA and ACDF groups was insignificant (I 2 =21%; P=0.23), as shown in Fig. 5 . Data concerning the ROM at the operational level (24 or more months' follow-up) were available in seven of the studies. The overall results indicated that the CDA had a larger ROM at the operational level (SMD=6.53; 95% CI, 3.89 to 9.17; P<0.0001). The level of heterogeneity was significant among the trials (I 2 =98%; P<0.00001), as shown in Fig. 5 .
Rate of neurological improvement following the operation at a mid-term follow-up.
The rate of neurological improvement following the operation was obtained from eight of the studies. Overall, the pool statistics indicated that there was a significant difference in favor of the CDA group (OR=1.80; 95% CI 1.29 to 2.52; P= 0.0006), although the heterogeneity test revealed an insignificant difference (I 2 = 0%; P= 0.76), as shown in Fig. 6 .
Total complications rate and the reoperation rate of adjacent levels following surgery in a mid-term follow-up.
A total of 13 trials involving 2,583 patients provided detailed information about the total complications rate following surgery in a mid-term follow-up. From the final results it was possible to conclude that there was an insignificant difference between the CDA and ACDF groups (OR= 0.86; 95% CI, 0.66-1.13; P=0.28), and the result of the heterogeneity test was moderate (I 2 =23%; P=0.21), as shown in Fig. 6 . Data regarding the reoperation rate of adjacent levels following surgery in a mid-term follow-up was available in 14 trials. Overall, the comprehensive statistics indicated that the CDA procedure had a lower reoperation rate of adjacent levels following surgery (OR= 0.54; 95% CI, 0.35 to 0.85; P= 0.007), with insignificant heterogeneity bias (I 2 = 0%; P=0.75), as shown in Fig. 6 .
The test of publication bias and sensitivity and cumulative analysis. For the reoperation rate of adjacent levels following surgery, Stata version 12.0 software (StataCorp) was used to test the publication bias (Begg's and Egger's tests). The results of the Begg's test was Pr> |z|= 0.373 (continuity corrected), and the outcome of the Egger's test was 0.057, the two tests revealing that there was insignificant publication bias in this index. Funnel plots were also introduced to illustrate the publication bias of the reoperation rate of adjacent levels following surgery, as shown in Fig. 7 .
In order to explore the influence of each trial on the pooled OR, sensitivity analysis was applied. The final statistical results were not materially altered by the elimination of any trials in the reoperation rate of adjacent levels following surgery, as shown in Fig. 8 .
For the main indicator of the reoperation rate of adjacent levels following surgery, cumulative analysis was also performed according to the publication year of these trials. The results revealed a stable trend over time, as shown in Fig. 9 .
Discussion
To date, two procedures have predominantly featured in cervical intervertebral disc surgery: ACDF and CDA. ACDF was first introduced in the 1950s, and since then, this method has been accepted as a standard procedure by numerous clinical doctors and scholars in order to treat the disease of vertebrae cervicales. It has been well established that ACDF has the apparent effect of not only relieving the spinal cord and the nerve roots' pressure, but also of reinforcing the cervical vertebrae's stability. However, it is associated with several side effects, including a high rate of reoperation of adjacent Figure 6 . Forest plot illustrating the neurological improvement, total complications rate and the reoperation rate of adjacent levels following surgery, using a meta-analysis comparing CDA with ACDF. CDA, cervical disc arthroplasty; ACDF, anterior cervical discectomy and fusion; CI, confidence interval. level following operation (4). Goffin et al (32) identified that ~6-10% of the patients who were admitted for the ACDF treatment required the operation to be performed again in the long run. The other procedure, CDA, was first introduced by Fernstrom (6) in 1966. Since then, other types of artificial cervical intervertebral disks have been manufactured, including the Bristol/Cummins (33), Prestige I, Prestige II, Prestige ST, Bryan, PCM and CerviCore devices. However, CDA remains one of the most widely accepted candidates for selection in order to treat cervical spondylosis. In addition, with the passage of time, several published studies have revealed that there are certain untoward reactions associated with this procedure, including heterotopic ossification, which may limit the ROM of the operation segment following the surgery (7, 8) .
Several meta analysis studies (34) (35) (36) have already been performed to compare the efficacy and safety of CDA with ACDF for the treatment of cervical spondylosis. However, the majority of these included studies with short-term follow-up. In order to compare the therapeutic effects of these two operation procedures, particularly with respect to their mid-term efficacy and safety, the present systematic review was performed, which included more recently published studies with a longer follow-up.
In the present study, several important indicators were analyzed to assess the efficacy of these two procedures after the mid-term follow-up (at least 24 months). The results indicated that, following mid-term follow-up, CDA had a higher SF-36 score, larger ROM at the operational level and a superior rate of neurological improvement. Furthermore, with respect to other important indices for evaluation of the effectiveness of CDA and ACDF, the former was associated with an inferior score of VAS in neck/arm pain and a lower NDI following the surgery.
To measure the safety of the two procedures, a few important indicators were assessed in the present study after the 24 months (or longer) follow-up. The results demonstrated that the prosthesis remained in a good working condition to preserve the motion at the site of surgery, and the CDA method was associated with a lower reoperation rate of adjacent levels. By contrast, with respect to the rate of the total complications in the mid-term follow-up, no significant differences were observed between the two operational methods.
In our meta analysis, insignificant differences between the two methods were observed for other important indicators, including the age of the patients, blood loss during the operation and hospital stay. However, a previously published meta analysis revealed that the CDA group had a longer operative time and more blood loss compared with the ACDF group (34) . To interpret these differences, one may surmise that, as the number of total operations of CDA has increased over time, the longer operative times and enhanced levels of blood loss for arthroplasty reported in the study of Gao et al (34) may be attributable to the fact that CDA was, at that time, a novel technique that had not undergone the improvements that have now been implemented. Our results indicated that CDA and ACDF were efficient procedures in the mid-term follow-up.
Finally, in order to check the stability of the predominant indicators, Begg's and Egger's tests, sensitivity and cumulative analyses were performed. With regard to the predominant data (the reoperation rate of adjacent levels following surgery), the results of the cumulative test, sensitivity analysis and the shape of the Funnel plots all verified the reliability of the results in the present study. The present study had several limitations. First, only 12 RCTs met our criteria and were therefore finally included. Secondly, the follow-up period obtained from the studies was usually 2 years and no more than 4 years, and therefore articles that feature longer term follow-up in comparing CDA with ACDF would be required for a more complete analysis. Multicenter, long term follow-up RCT studies comparing CDA with ACDF are also required for inclusion in the analysis.
On the basis of the data acquired in the present study from the mid-term follow-up, it may be concluded that CDA and ACDF are efficient and safe methods for dealing with cervical spondylosis. However, with respect to certain, specific indicators, such as the reoperation rate of adjacent levels following surgery, the former method has several advantages.
